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PART A 
marks 
a absolute luminosity 
Q.1 Apparent luminosity oc - z 2 
distance 
Lypp(Star)  Lyyg(Star) 7 5uq 1 
= x 
Lpp(Sun) L»s(Sun) (gee 
are 107? x (1.5 x 101! m}? 
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Q.2 


In equilibrium, the sum of all the forces acting at point 
A is zero: F, = 0. 


Horizontal components: 


T, cos 60° = T, cos 30° (1) 
cos 30° ; 
T, =T, ~ 1.73T, (2) 1% 
cos 60° 
Vertical components: 
T, cos 30° + T, cos 60° = 40g = 400 N 1% 


.”. using equation 1 
cos? 30° 
? cos 60° 
Hence, T, = 200N, 
and, using equation 2, 
T, = 346N. 


+ T,cos 60° = 400N 


—_ 
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Q3 (a) 


M, Z M3 


M,M,(r 
Force on M, = — G—5—| - 2 
r r 


(b) Let the mass of the satellite be m. 


centripetal force = gravitational force 1 


mv? — GM yanet?™ i 


r r? 


v= Vv GM ptanet/T 


= 8.2 x 10°ms™! 


Hence, 


Hence, 


lule 


Q.4 (a) For interference, the waves must be 
coherent. (Alternative statement: they must originate 
from the same source.) 1 
For destructive interference, the waves must be out of 
phase. 1 


(b) For this intensity minimum, the path difference 
must be A/2. So the microphone must be moved by a 
distance of 4/4. 2 


Speed of waves v = fà 


Hence, the microphone must be moved 


(1.5m)/4 = 0.375 m. 


Lalo 


Q.5 (a) Postulate 1: The speed of light in a vacuum 
has the same value in all inertial frames. 

Postulate 2: The laws of physics can be written in the 
same form in all inertial frames. (This is the principle 
of relativity.) 

(An additional mark is awarded if the formulations of 
the postulates are as precise as those above.) 


(b) No. 
This law cannot be written in the same form in all 
inertial frames: it contradicts Postulate 2. 


m 


— 


— pt 


mege 
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Q.6 (a) F= q(vx B), where q is the charge of the 
particle, v is its velocity, and B is the magnetic field at 
its position. 


(b) Since v is perpendicular to B, 
|F = qvB. 
However, the magnitude of the force on the charge 


2 
z 5 5 sae mv 
undergoing circular motion is given by F = ——- 
7 


Hence, qvB = mv?fr 
B = mvjqr 


where r is the radius of the particle’s orbit. 


_ (L6 x 10-27) x (109) 


Thus B = — 
(1.6 x 107 +°) x (107+) 


<. B =0.1T 


Q.7 Induced current 


1 dë 


i=——, 


R dt 
where R is the resistance of the circuit, and @ is the 
magnetic flux, which, in the case described in the 
question, is given by 


© = BA, 


where A is the area of the ring. 


_ AdB 
Hence i = — — 
R dt 
1074 z 
= x 0.1 amps = 1074A. 
Clockwise. 


Q.8 (a) Power dissipated = V?/R. 
So, R, = (12)7/4Q = 369. 
R, = (12)?/12Q = 12Q 
(b) Total series resistance = R, + Rp = 48 Q 


S S32 ay 
i= = —_ = 
Roa 48.Q 


4A 
(c) Power dissipated = i? R} 


= (0.5? x 36) W =9W. 


S271 SEA 


lol 


mn 


eN 


lal 


lul = 


Q.9 (a) (i) L=M + Ih/2n = \/2h/2n 
(ii) S, = m,h/2n = — $h/2n 


(5) Yes. 


They are both characterized by the same value of the 
principal quantum number n. 


EE barrier 


fakion 
tends to | ses 
negalia valas 
/ at small separation 


(b) For fusion to occur, particles must cross the 
Coulomb barrier. Classically, this happens when the 
particles’ kinetic energy (at large separation) is greater 
than the potential energy of the Coulomb barrier. 
This, in turn, happens only at high temperatures when 
the particles have large kinetic energies. 


According to quantum mechanics, particles can 
tunnel through the barrier. This happens when their 
kinetic energy is less than the height of the Coulomb 
barrier, i.e. at lower temperatures than predicted 
classically. 


lal] 


PSAS 


garh as extension 
e origin 
Hooke’s law states that F = — kx. In order to 


stretch an ideal spring from x to x + Ax, a force of 
magnitude kx is required. Hence, 


a ae (a transferred ) ENS 
to the spring 


which is equal to the area under the curve from x to 
x + Ax. 


Now, 

total work total energy area under 
done in = transferred to = curve from 
extending the spring x —U0:to 
spring through x=s 


distance s 


<. energy stored in spring = 4 x ks x s = 4ks?. 


= —- Nm! =2 x 10*Nm'"!. 


(c) By the law of conservation of energy, 


loss ofclimber’s _ gain of rope’s 
potentialenergy potential energy 


We have to show that the final extension of the rope 
is 1.6m. Assuming this is true, 


100kg x 10ms 2 x (24 + 1.6)m = 
1 x 2.0 x 10*Nm~! x (1.6m)? 


i.e. 25.6 x 10° J = 25.6 x 107J. 
This confirms that the rope stretches 1.6m. 
(d) Magnitude of maximum tension in rope = 
KSmax = 2 X ENM x 1.6m 
= 3.2 x 10*N 


force 


(e) | Climber’s acceleration = (upwards) 
s 


(3.2 x 104 — 103) 
100 kg 


N (upwards) 


Hence, acceleration = 310ms ” upwards. 
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Q.12 (a) Newton’s laws of motion: 


1 Every object remains in a state of rest or uniform 
motion when no force acts upon it. 


2 In order to make an object of mass m undergo an 
acceleration a, the force F required is given by 
F = ma. 


3 When two objects interact with each other, the 
force exerted upon object 1 by object 2, F,2, is equal 
and opposite to the force exerted upon object 2 by 
object 1, F,,, 1e. Fy, = — F21- 


The principle of conservation of momentum: 
The total momentum of an isolated system is constant 
in time. 


Power is defined as the rate at which energy is 
transferred from some source. 


M, M2 


(b) During the collision shown in the diagram, 
Newton’s third law says that 

Fy, = — Fy; 
From Newton’s second law, 


Hence, at any particular instant, the rate of change of 
momentum of mass 2 is equal and opposite to the rate 
of change of momentum of mass 1.. 


Hence, the rate of change of the total momentum is 
zero: 


d 

= (Pict = (); 

di (Pı + P2) 
This is true throughout the collision, so the total 
momentum of the masses is conserved. 


(c) the power delivered 
by the batteries 


rate of generation of 
= kinetic energy of 
ejected particles 


E pa (1) 
dt 


The magnitude F of the propulsive force is given by 
Newton’s second law: 


(d) By Newton’s second law, 


_ magnitude of force 


a= 
mass 
2P 2x10 z= 
=> = ms 
mv 2x 10? x 10° 
a=10 ?ms 2 2 


Since the acceleration is constant, 


the ti ired Sees 50 
e time required = —_———_ = 50s 
1 10 ms 2 


Hence the energy used = power x time 


= 10 x 10°W x 50s = 5 x 10°J. 2 
16 
PART C 
Q.13 (a) 
zero teld ouside 
+V 
zeo potential 
zero Held outside 
4 
- (b) |@| = V/d = 100V/(0.01 m) = 10*Vm~!. The 
field is directed downwards. 2 
(c) | Consider the vertical component of the force on 
the particle: 
qV 
Eea = GE vert ==, =p 1 
(using the convention that positive is upwards). 
Hence, using Newton’s second law of motion, 
NE m ing 
ayen = — —> which is constant. (1) 1 
dm 
The relevant constant acceleration equation 
(s = ut + 4at?) can, for the vertical components, be 
written 
Sven, = usin Of + 4a,.,,t7 
since the initial velocity of the particle has a 
component u sin @ in the vertical direction. 1 


Therefore, Sen = (usin @ + 4a,..,)t 1 


vert 


2u sin 0 


So Sen = 0 when rt = Oand when t = — 


vert 
a, 


vert 


Using the expression for a,,,, in equation 1, 


2umd sin 0 i 
(=n 
qV 
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(d) Since Proriz = 0, horiz = 0. 


Hence, R = ucos@ x t 


(ma ") 
=ucos@ x | ————— 


SALA 
. q4 _2u°dsinĝcosð 
m RV 


(2) 


(e) Both isotopes have the same charge, and from 
equation 2, the voltage required is proportional to 
the isotope’s mass. 

massof73Ne 22 11 

mass of 75 Ne "30 i 


., Potential difference for ?2 Ne ions to pass through 
the hole is 11/10 x 100 V = 110V. 


Q.14 (a) The statement implies (i) that the two 
objects are at the same temperature, and (ii) that 
there is no net transfer of heat energy between the 
objects. 


(b). Using the ideal-gas law PV = nRT, 


5 -3 
temperature of A, T, = SG See 
0.5 x 8.31 


~ T, = 481K 


10° x 20 x 10° k 


temperature of B, Tg = E83 
x 8. 


< T, = 241K 


(c) Energy from A = energy to B. The specific heat 
c of the ideal gas in A and B is the same, and the molar 
mass Mm is the same. Therefore 


0.5 Mm c (481 — T) = 1.0 Mm c(T — 241) 
where T is the equilibrium temperature. 
< = 321K 


(d) The temperature T remains the same, so, using 
the ideal-gas law, the pressure P in the composite 
vessel is given by 


_ 1.5 x 8.31 x 321 


P 
40 x 107? 


Nm 


<. P = 10° Nm? 


(e) The gas exerts a force on the piston, moving it 
through a displacement in the direction of the force. 
It follows that the energy transferred from the gas 
is positive. 


This energy must be obtained by a reduction in the 
average kinetic energy of the gas molecules. But the 


temperature of the gas is proportional to the average- 


kinetic energy and so it too must fall. 


PART D 


Q.15 (a) 


1 The electron in the atom moves in a circular orbit 
centred on the nucleus; the electrostatic force between 
them is described by Coulomb’s law. 


2 The magnitude L of the electron’s angular 
momentum can have the values L = nh/2x, where 
n= lor2or3, etc. 


3 The electron does not radiate electromagnetic 
energy when it occupies a Bohr orbit. 


4 When the electron makes a transition from 
energy level E, to a lower energy level E,, a single 
photon is emitted with energy E, — Ey. 


(b) Magnitude F of the force on the electron is 


mv? e? 
F= — 2 
r Aner 
2 
- (1) 
. r= ——_; 
4negm,v? 
From postulate 2, mvr = a (2) 
T 
Hence, using equations 2 and 1, 
e? 4n?m,?r? 
i x 
4negm, n*h? 
n?h?eo 
r= = 
nme 
(c) The total energy of the electron is given by 
e? 
Eo = T jmv? 
Anéor 
2 e? 
= — +4 
4neor 4néor 
} e? nm,e? 
= —ł4 — x | —— 
4neo \nhE, 
z m.e* 
Se See 
(d) 
n=3 
energy ne 2 
ground at 
store : 


(e) The ionization energy of an electron in an 
energy level is the energy required to transfer it to rest 
in the continuum of positive energy states. 

For the ground state (n = 1), 

m.e* 

8h7E,7 

(f) The model does not allow the intensities of 
spectral lines to be calculated. 


E,=+ 


OR No account is taken of the motion of the 
nucleus and its effect on the spectrum. 


OR The model doesn’t predict the splitting of the 
spectral lines when there is a magnetic field. 
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Q.16 (a) In simultaneous measurements, the 
position x and momentum p of a particle cannot both 
be determined to arbitrarily high accuracy. The limits 
of accuracy are given by the equation AxAp, Z h/2n 
(An alternative statement in terms of energy and time 
would be perfectly acceptable.) 


Observing the particle to be at rest is equivalent to 
measuring the particle’s momentum to be exactly 
zero. In turn, this implies that Ap, = 0. From the 
Heisenberg inequality, zero uncertainty in the mo- 
mentum component p, requires infinite uncertainty 
(no knowledge) of the particle’s position x. But, we 
know that the particle is confined to the space between 
the plates. Therefore Ax < D. It follows that the 
particle cannot be observed to be at rest. 


The minimum energy E,» of the particle is h?/8mD? 
(when n = 1), and not zero as would be the case if the 
particle were at rest. 


(b) 


wavefunction 


maximom probability 
of detecting electron 


The probability of detecting a particle is pro- 
portional to |, - ,|?. Hence, the maximum probability 
occurs at the value of x at which |w,-_,|? has its 
maximum value. 


(c) _ Inclassical physics £,,, can be zero. In quantum 
physics E, must be greater than zero. 


In classical physics £, can have any positive value. In 
quantum physics E,,, is positive and quantized. 


In classical physics, the particle is equally likely to be 
found at any point between the plates. In quantum 
physics, the probability of observing the particle 
depends on position. 


(d) There is a limit, known as the classical limit, in 
which a prediction of quantum mechanics is in 
agreement with the corresponding prediction of 
classical mechanics. 

(This limit usually corresponds to very large values of 
quantum numbers in quantum mechanics.) 


At very large values of n, the wavefunction describing 
the particle has very small wavelength. 


a 


Wavefuncbon 


In the limit n = œ, the probability of observing the 
particle in any finite region is independent of the 
location of that region. This is in agreement with the 
classical prediction. 
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